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Abstract—The research in-progress presented in this paper 
proposes a holistic VR-based framework for participatory design 
of Serious Games for motor rehabilitation. The proposed 
framework is devised in layers that facilitate the mapping of game 
mechanics to playful therapeutic exercise games. The framework 
proposed can be disease agnostic and applies to a wider range of 
service users, regardless of their condition and motor functional 
capacity. The pilot study design for evaluating the proposed 
solution is also presented.     
Keywords—Virtual Reality, Serious Games, Motor 
Rehabilitation, home-based, neurological conditions 
I.  INTRODUCTION  
Since the introduction of the term Serious Games (SGs) by 
Ben Sawyer [1] to describe digital games with purpose other 
than pure entertainment, the field of SGs has been of great 
research interest. Research and development in this field 
proliferated and enabled SGs as valid educational and training 
tools with an exponential curve of number of SGs released 
every year [2], [3]. Among other application domains, SGs have 
also been widely used as tools to promote health and wellbeing 
and condition-specific interventions to target physiotherapy and 
motor rehabilitation and for a wide span of neurological and 
degenerative diseases, such as stroke, Parkinson’s disease (PD), 
Multiple Sclerosis (MS) and several others [4]–[7]. The issues 
created by an ageing population [8], highlight the need for 
implementation of evidence-based, innovative approaches to 
empower the service users (SUs) and families to support a 
continuum of health provision and care; and at the same time, 
relieve the ever-increasing pressure on respective governmental 
bodies to provide these services in more cost-efficient ways [9], 
[10]. Such a sustainable health system, would only be realised 
by the empowerment of the clinical professional and SU to 
utilise recently research-evidenced interventions, such as SGs 
for rehabilitation [11], [12], to create a home-based quiver of 
solutions and interventions that can be fully customised to fit 
the rehabilitation targets at request. Customisation needs to take 
place in all aspects of the design of such interventions, 
including the therapy regime that needs to be aligned with the 
game mechanics to maximise the effectiveness of the 
intervention [13]–[15]. Although there has been evidence as per 
the engagement, motivational impact [16]–[19] and evidence 
on effectiveness [4], [6], [7] of SGs for rehabilitation, the 
proliferation of such interventions and route to market has not 
been very successful. This is evident by recent research agendas 
and calls for action issued by international research 
frameworks, such as the European Research Council [10]. 
Actions for pre-commercial procurement dictate the need for 
innovative interventions to reach the commercial level and 
enable solutions to become widespread, mainstream and 
available to relevant stakeholders [20]. It is evident that there is 
a need for holistic approaches at commercial level, 
encapsulating state-of-the-art technologies for provision of 
bespoke solutions and interventions. In addition to this and 
within the context of self-care management, there is a growing 
need for empowering SUs to become co-creators of healthcare 
interventions [21]. A significant issue that arises with such an 
approach is the rate of mismatch of technology advancement 
with the design, development, research and evidence of such 
customised interventions. Technology advances rapidly and in 
the case of SGs for motor rehabilitation, this is reflected in 
gaming input technologies, game engines, communication 
technologies and any other technologies used in the process of 
developing such interventions. As such, there is a need for 
developing system architecture that would allow a certain 
extent of flexibility in support and adoptability with, for 
example, the input technologies for motion capture, or 
visualisation devices such as Virtual Reality (VR) and 
Augmented Reality (AR) headsets suggesting development of 
new SGs that would integrate them in their development 
pipeline. Another significant issue for the further development 
of next generation of SGs for motor rehabilitation, with an aim 
for maximising the market penetration, is the participatory 
design of mini games that underpin motion mechanics directly 
aligned to the rehabilitation exercises [13], [14]. Finally, 
through co-creation it is also important to empower relevant 
stakeholders (clinicians, SUs, families and carers) to develop 
mini SGs for motor rehabilitation based on individual 
preferences in terms of content and narrative. Previous research 
from the authors [13] has shown that game content and 
narrative is an equally paramount important aspect of designing 
SGs for rehabilitation to enhance the engagement of the SU 
with the intervention.  
This paper aims to introduce a novel VR prescription of 
customised therapeutic exercises for home-based SGs 
interventions for motor rehabilitation and also bind the 
aforementioned requirements under a proposed framework that 
would entail the design and development of SGs for motor 
rehabilitation in a condition and disease agnostic manner. The 
paper introduces the problem and motivation behind this work 
and an overview of background studies relevant to the subject 
matter. This is followed by a presentation of how conventional 
rehabilitation can be mapped to corresponding game mechanics 
using a proof of concept; that is then translated into a co-created 
customised mini game with provision for fully customised and 
monitored exercise prescription through a VR platform. This is 
then extrapolated to a conceptual design of the proposed 
framework, underpinning the requirements mentioned above. 
Finally, we present the study design for the evaluation of the 
proposed approach in terms of user engagement and 
effectiveness. 
II. BACKGROUND WORK 
Efforts on designing and developing games for motor 
rehabilitation have been the focus of various research centres 
and individuals over the past years. There is vast corpus of 
literature relevant to the subject matter of SGs for motor 
rehabilitation, targeting mostly prominent conditions and 
diseases such as stroke and PD. The system architecture 
presented in this paper aims to enable provision of 
physiotherapy in a disease and condition agnostic manner, 
offering a holistic approach and solution that can be employed 
in other motor specific diseases that would require long or short 
term rehabilitation through exercising with SGs. As such, 
relevant work presented in this paper focuses and includes work 
from this scope. The proposed system architecture can be 
deployed for a wider span of neurological conditions. The 
conditions mentioned above are used as case studies and are 
also applicable to previous work conducted by the authors and 
by the majority of other studies to date.  
Stroke is the third most common cause of death after cancer and 
heart attack, with approximately 152,000 incidents per year in 
the UK alone [22]. That statistic accounts for about a new 
incident every 3 minutes and 27 seconds and there are about 1.2 
million survivors in the UK according to 2016 statistics. Of 
those survivors, over a third have strong dependencies to 
families or carers for their everyday living, whereas half of all 
stroke survivors face a disability, with deficiencies in the upper 
limb being the most common.  
PD is a very common progressive neurological disease 
which primarily affects movement. With one person diagnosed 
every hour at the UK, it is  estimated that  a total of 127,000 
people are living with PD in the UK [23]. While predominant 
after the age of 50, PD can present in younger age groups and 
to date, there is no cure for this disease with treatment being 
focused on medication and therapies. Physiotherapy is aimed at 
symptomatic relief and helping retain a healthy and active 
lifestyle to maximise quality of life.  The majority of other 
neurological conditions require neurorehabilitation and the 
burden introduced on families, health services and communities 
by these conditions is projected to be unbearable in the near 
future [24].  
Recent efforts in developing disruptive therapeutic 
interventions, embodied as SGs for neurorehabilitation, have 
identified the need for deeper delving into the customisation of 
the interventions and the need for User Centred Design [25]. 
The work of Paraskevopoulos and colleagues [11], [13] 
proposes a system architecture that tackles the game 
development in layers, as per a more effective and flexible 
approach to align the system with constant advances of 
technology and also adhere to provision of customisable and 
personalised exergames for motor rehabilitation, with 
performance monitoring and biofeedback at a different layer. 
The design of the game initiates from the prescribed 
conventional rehabilitation exercise that is translated into game 
mechanics and the authors present a series of case studies for 
Parkinson’s rehabilitation. Omelina et al. [26] described a 
similar system with the game configuration component 
distinguished from the game itself, thus enabling for flexibility 
of choice in game controllers and input methods. This enables 
the customised design of mini games, agnostic of the input 
technology and the mechanics of motion capture. The authors 
of the aforementioned study target neurological conditions in 
general, however, their mini games and game mechanics were 
restricted to cover selected exercises based on preconfigured 
parameters for the games.  Pirovano et al. [14] present a game 
design methodology that initiates from exercises which are 
translated into mini games with primary and secondary 
rehabilitation aims, in terms of movement within the game. 
After the primary motion target is designed in VR, the authors 
of this study tackle the ludic side of the game by adding the 
aesthetics and other game mechanics, such as the challenge, 
scores etc. This approach is very similar to that proposed by 
Paraskevopoulos and Tsekleves [11] in their system 
architecture. Another study by Epelde et al. [27]  proposes a 
system architecture for the provision of home-based tele-
rehabilitation  with customisable features, including multi-
device compatibility, tele-monitoring, motion capturing and 
analysis of high granularity and cloud services. Although this 
approach doesn’t employ SGs per se, as there are no game 
mechanics implemented, it is rendered as an architecture that 
follows a coherent approach in terms of the actual requirement 
for a holistic solution for home-based, tele-monitored 
physiotherapy provision. The distributed architecture presented 
by [28] proposes a system architecture that is input agnostic as 
well and also is able to target and deliver motor and cognitive 
rehabilitation using state of the art human computer interfaces 
and remote monitoring of the interventions.     
Participatory design in healthcare and rehabilitation 
intervention has been recognized as a promising approach [29], 
[30] leading to user engagement of the resulting physiotherapy 
programmes [31]. In particular co-creating with users has the 
potential to be transformative as participants become co-owners 
of innovation, having a much higher stake in its design, making 
and ultimately use [32]. This is true especially when co-creation 
is coupled with playful design, the mapping of playful 
experiences from video games to other non-game context 
experiences [32]. However its implementation within a 
rehabilitation technology systems approach is often difficult as 
accessing SUs at the different stages of the design process and 
appropriate tools to engage them in that is significant. In this 
paper we posit that the design and development of rehabilitation 
system architecture and frameworks that encourage co-creation 
of physiotherapy sections with direct involvement of the 
therapist and SU is not only possible but also a required 
function.  
In addition, the novelty of the system architecture proposed 
in this paper lies in its holistic nature, manifest by a number of 
features. These include the technology agnostic approach, as it 
tackles the input controllers at a separate layer. It also enables 
the full customisation of physiotherapy to a higher level of 
fidelity and granularity as the physiotherapist is able to define 
the parameters of each repetition of the exercise. This is co-
created with SUs ensuring that the produced rehabilitation 
programmes embodied within mini games cater for user needs, 
preferences and wants. Furthermore, there is a clinician platform 
to monitor and refine the performance. Finally, the game 
narrative is also fully customizable and can be therefore co-
created with the SU and clinician, as the game input is controlled 
at a separate layer and the exercise is translated into a game. This 
enables the interactions and game mechanics to be developed in 
a ludic agnostic manner, which means that the mini game can be 
co-created by SUs and clinicians using different content each 
time.  
In the next section, the system architecture is presented with 
a focus on the VR Physiotherapy Prescription Panel (VRPPP). 
This is followed by a case study using a pilot game that 
integrates a conventional rehabilitation exercise translated into a 
game and the VRPPP in its design and development. 
III. DESIGN OF THE PROPOSED FRAMEWORK 
As discussed in the previous section, the holistic system 
architecture as a framework to underpin a number of 
requirements. These are namely: 
• Translation of the exercise motion to game mechanics 
• Customised motion capture system with established 
accuracy 
• Co-created customised prescription of physiotherapy 
regime 
• Co-created customised game (Content) 
• Biofeedback platform (Clinician) 
The system design is performed in layers and is depicted in 
Figure 1 below: 
 
 
Figure 1 Schematic Diagram of the Proposed Framework 
 
The input layer delivers the capture of motion of the SU to 
be mapped on an object within the VR environment (mini 
game). This layer provides a solution that is technology agnostic 
and enables the intervention to be unaffected by the rapid 
advances of technology. The motion data are transmitted to the 
local terminal via Bluetooth or over the Internet. The input 
technology needs to be of established accuracy as the data 
captured needs to illustrate and monitor the SU’s performance 
effectively [12]. The motion data are sent over the internet to the 
clinician platform, as seen in [11]. Once the exercise is translated 
in to a game, the aesthetics design can take place and the game 
content is developed in the level accordingly.  
Finally, within the clinician layer there is a sublayer, namely 
the VRPPP. This panel allows the preset of the position of game 
elements that correspond to interactions in the game but also to 
the motion extremes of each repetition of the translated exercise. 
The VRPPP also enables the adjustment of other parameters, 
such as the whole duration, speed of the game and number of 
executed repetitions for the exercise. A case study that follows 
serves as a proof of concept with one mini-game, as translation 
of an exercise, that can be fully customised from the ludic 
perspective.  
IV. PILOT GAME: CASE STUDY 
To assess the feasibility of such an approach, there is a need 
for developing pilot games as per case studies to investigate the 
validity of the proposed framework as a viable solution. As 
described above, the design of the mini game initiates from 
therapeutic exercises (in this case physiotherapy) that are 
mapped to game mechanics and then translated into mini games. 
The VRPPP intermediary panel enables the full customisation of 
the exercise down to each repetition.  
A. Rehabilitation Protocols to Game Mechanics 
The design of the games needs to initiate from the regime of 
exercises, conventionally prescribed to the SU for post-
discharge rehabilitation. As such, the prescribed set of motor 
task-specific actions should ideally be translated into game 
mechanics. That for example, can be the “Reaching Target” 
exercise seen in a physiotherapy exercise booklet from 
Physiotherapyexercises.com [33]  (Figure 2).  
 
 
Figure 2 Reaching out exercise [33] 
 
This conventional rehabilitation exercise is set by clinicians to 
help the SU retrieve and enhance motor capacity in the upper 
limb by reaching out to predefined targets on a table in front of 
them. It takes place on the transverse plane of human movement 
(yaw) and the physiotherapist has to set the targets according to 
the person’s condition and capability.  
This type of exercise can be easily co-created into a game 
with a variety of narratives fitting to cover the ludic aspect of 
it. In this case the proposed framework functions as a co-
creation tool where the SU and therapist can explore different 
game narratives based on personal needs and preferences.  It 
becomes apparent that the aim of the SG underpinning this 
motion and exercise is to trigger an event when the person 
reaches and touches a virtual object in the game environment 
using the virtual limb that is guided by the game input 
technology. Following the paradigm of commercial game 
development pipelines, the design and pre-production phase of 
this game would output a “grey box prototype” (a prototype of 
the game with no aesthetics, but only place holders to 
demonstrate functionality only), where a virtual limb is 
manipulated in 3D space by the external motion capture 
hardware (game sensors), and events are triggers (? 
triggered)when the virtual geometry of the limb collides with 
another virtual object set in a specific position in the game. In 
SG design so far, these positions are defined in the design phase 
and as such there is minimal adjustment that can be made to 
customise the game. It is in here that lies the value of the 
proposed framework as a co-creation tool, as enabled by the 
game design opportunities facilitated within this context. Figure 
3 demonstrates the concept of a grey box prototype that would 
cover the interactions required by this exercise.  
 
 
Figure 3 Grey box prototype of the game mechanics and interactions 
 
The virtual avatar in this prototype is fed motion data by the 
input layer, as seen in Figure 1, and the boxes represent the 
point that the avatar model interacts with to trigger the game 
mechanics. These can be a pickup item, an increase in score, a 
puzzle piece etc. depending on the game narrative and structure. 
The boxes can also be easily programmed to appear in the game 
at specific time points or have game physics enabled. The 
interactions are programmed as triggered by the collision of the 
avatar with the place holding geometry (gray boxes).   
Prior research studies have utilised automatic difficulty 
adjustment [34], [35], which manipulates the pre-defined 
positions of the objects in the 3D game environment to match 
the condition and playing ability of the player. However, this 
approach has limitations and although adaptable, cannot be 
perceived as fully customisable physiotherapy prescription, as 
it takes place in vivo, within the gameplay. Furthermore, this 
takes away from SUs critical design decisions that may affect 
the ultimate acceptance of use of the produced rehabilitation 
programmes. What is needed is a fully customisable solution to 
enable the co-creation of the exercises, whereby the 
physiotherapist can prescribe, a priori, the parameters of each 
repetition of each exercise based on SU input and individual SU 
ability. The approach proposed in this paper is the first that 
enables the co-creation of bespoke physiotherapy regimes for 
SUs.  The challenge is how to classify all available exercises 
into a taxonomy that can then be mapped to potential game 
mechanics and be translated into cohorts of mini games that are 
content and narrative agnostic. Content and narrative can 
potentially be targeted at a different layer in the development of 
the game. It can be perceived as developing the game 
mechanics without any content and afterwards, dealing with the 
aesthetic aspect of the game by replacing place holding 
geometry by aesthically pleasing, narrative-specific content. 
B. VR Physiotherapy Prescription Panel 
The layered framework as presented in the previous section, 
requires a tool that would enable the physiotherapist or clinician 
to prescribe the physiotherapy regime for the specific SU before 
they play the game. In the paradigm using the “Reaching Target” 
exercise of Figure 1, the clinician would have to define the point 
that the VR objects would occur in the game environment 
according to each SU’s ability. These would then appear in the 
game, based on the game mechanics at a specific time and with 
other properties also able to be adjusted (duration, appearance, 
speed, physical properties etc.). Figure 4 illustrates the panel that 
is directly in tune with the “Reaching Target” exercise of Figure 
2.  
 
Figure 4 VR Physiotherapy Prescription 
 
The same panel can fit or can be modified to fit other 
exercise types depending on the plane of motion. Thus, there is 
a need for a taxonomy of physiotherapy exercises according to 
the task-specific motion requirements. “Reaching” can be one 
of the exercise targets and the “Reaching Target” game would 
be part of this exercise prescription. Other parameters that can 
be adjusted by this panel include duration of task, speed of 
execution and number of repetitions. The outcome of this panel 
is data that are fed to the mini game scene, where the game 
objects are positioned according to the positioning set by the 
clinician in the VRPPP. The narrative and concept of the game, 
thus, is disconnected from the motion capture and interactions 
in the game. The next task is to develop the narrative concept 
and ludic aspects of the game. The VRPPP developed for this 
case study and as depicted above covers all the family of 
“Reaching Target” exercises and, thus, a number of potential 
corresponding mini-games.    
C. The Apple Tree Game 
Once the game mechanics and the interactions are in place, 
as defined through the VRPPP, thereby translating the exercise 
to a mini game, the next step is to devise meaningful, 
entertaining and fun narrative concepts to veneer the game 
mechanics with engaging content. The exemplar exercise 
employed in this case study is the “Reaching Out” exercise that 
needs to be translated into a mini game. This is rendered as the 
main challenge SGs’ designers have to face, specifically: 
 
How to translate conventional physiotherapy exercises into 
mini games for maximising the engagement without affecting 
the effectiveness of the therapy regime? 
 
The exercise chosen in this case study (and indeed in all similar 
“reaching-for-an-object” exercises), can be easily translated 
into some meaningful and engaging intervention in the form of 
a game. The game shown in Figure 5 below, demonstrates the 
Apple Tree game developed as a translation of the “Reaching 
Out” exercise of Figure 2.  
 
 
Figure 5 The Apple Tree game prototype 
 
The positions of the apples on the tree are fed into the game 
through the VRPPP. The positions are mapped onto the virtual 
apples, with additional physical properties such as speed, 
number of reps etc. also being adjusted through the VRPPP as 
are attributes. The game helps the SU to orientate to the VR 
environment through the use of visual cues that have been 
found to be a necessary element of design for certain diseases, 
such as Parkinson’s [13]. 
Thus, the design of the framework has enabled the mapping 
of technology agnostic motion capture onto a virtual avatar 
(arm), there is direct mapping and alignment of the exercise 
targets and game mechanics, the intervention is completely 
bespoke to the highest level of granularity, down to individual 
repetitions, and there is provision for optimised engagement 
through co-created content.  
D. Pilot Study Design 
The aim of this in-progress pilot study is twofold with an 
ultimate aim of providing a proof-of-concept of the proposed 
framework. The first aim towards the proof-of-concept is to 
investigate the user experience and acceptability of the game; 
and the second is to investigate the clinical effectiveness of the 
intervention. These aspects of the framework will validate the 
proof-of-concept and further, more in depth investigation can 
occur with more games and a wider range of conditions and 
exercises can be reviewed in the future. The Apple Tree game 
as a fully customisable therapy session is employed and 
compared against a fully customisable VR therapy tool that 
does not have any game mechanics (for more information see 
[36]). As suggested by [37] in their Cochrane review of studies 
on VR for stroke rehabilitation, more research is required on 
what type of VR interventions are most effective and how 
acceptable each approach is to SUs.  
Following ethical approval by Brunel University London 
Ethics Committee, mixed methods (employing an experimental 
design with a nested qualitative evaluation) is being used to 
explore issues of acceptability, feasibility and efficacy of use of 
the device. 
Twelve community dwelling unilateral stroke survivors, aged 
18 and over, who have completed formal rehabilitation, with 
mild to moderately severe upper limb weakness (confirmed by 
Motricity score between 14-25 for shoulder and elbow) have 
been recruited to the study (9 female, 3 male; aged 48-67 years 
- mean 58 years), 12-304 months post stroke (mean 63.4 
months). Four are classified as having moderately severe 
disability, four as having moderate disability and four as having 
slight disability (scores of 4, 3 and 2 respectively on the 
Modified Rankin Scale).  
Following baseline assessment of impairment (Fugl-Meyer 
Assessment of motor recovery after stroke), activity 
(ABILHAND and Action Research Arm Test) and participation 
(Motor Activity Log-28 and Subjective Index of Physical and 
Social Outcome), participants will be asked to complete 9, 40 
minute exercise sessions using the device over 3 weeks. 
Participants will be reassessed within one week following the 
intervention and at a four week follow up. Information 
regarding enjoyment of activities, level of exertion and any side 
effects will be collected during the intervention and in addition, 
participants will complete a semi- structured interview about 
their study experience. Data will be analysed using non 
parametric statistical tests (Wilcoxon Signed Ranks and 
Spearman’s Ranks with statistical significance at p ≤ 0.05) and 
thematic analysis of interview and intervention field-notes.   
V. CONCLUSION AND FUTURE WORK 
This paper presented an in-progress study that aims to 
investigate the feasibility of a conceptual VR-based holistic 
framework for participatory design of customised playful 
therapy interventions for motor rehabilitation. The conceptual 
framework presented underpins the need for co-created, playful 
interventions as SGs for maximising the adherence to and 
engagement with the therapeutic regimes. The framework 
consists of a fully customisable VR therapy prescription panel, 
enabling the physician to adjust the regime to a great detail. It 
also has the ability to send biofeedback data in real time to 
remote locations. A pilot study is designed and a mini game is 
developed within the framework proposed to research the 
acceptability, feasibility and efficacy of the proposed approach. 
The playful intervention will be compared to a non-ludic VR 
intervention that is also fully customisable.  
To fully assess the validity of the proposed framework, a 
broader spectrum of exercises and mini-games should be 
evaluated. Future plans include the further development of tools 
for the participatory design of the mini-games by stakeholders 
and the evaluation of the interfaces as well as the effectiveness 
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